In a prospective study, which lasted 1 year and was performed on a large cohort of 800 patients treated at an outpatient anticoagulant clinic, we investigated possible seasonal variations in the intensity of the effect of warfarin treatment. For every season -winter, spring, summer and autumn -the mean prothrombin time reported as an international normalised ratio (INR) and the percentages of INR below 2.0 and above 4.0 were calculated. Significant seasonal variations in mean INR measurements were found, with the lowest values in summer and the highest values in autumn (F = 14.2, p ! 0.0001). In addition, a trend toward a higher percentage of INR below 2.0 in summer and above 4.0 in autumn was observed. No significant differences were found between older (1 65 years) and younger (! 65 years) patients, although there was a trend toward more pronounced variations in younger patients. Consideration of seasonal variations might result in more accurate and safe guidance of warfarin treatment.
Introduction
Warfarin is a very potent and widely used drug for the prevention of venous thromboembolism and systemic embolisms in atrial fibrillation, prosthetic heart valves, congestive cardiomyopathy and certain types of valvular heart disease; it is also effective in the prevention of thrombotic events in patients with ischaemic heart disease and in peripheral arterial obstructive disease [1] . Its therapeutic effectiveness is monitored by prothrombin time (PT) and reported as international normalised ratio (INR) [1] . The effectiveness and safety of treatment with warfarin are critically dependent on maintaining the INR in the therapeutic range [2] . Thus, knowledge about factors which could influence the intensity of the effect of warfarin is highly desirable.
Besides the dose of warfarin, many factors, such as individual sensitivity, change in dietary habits, concurrent diseases and usage of drugs, which interact with the metabolism of warfarin may influence the stability of treatment and the time in which patients' INRs are in the therapeutic range [1] . Since all these factors may vary cyclically over the seasons, they may periodically directly or indirectly influence the patients' sensitivity and thereby produce seasonal variations in the intensity of the effect of warfarin. In a preliminary, non-systematic pilot Salobir/Šabovič/Peternel study, we observed seasonal variations, which seemed to be more pronounced in younger patients. Thus, the aim of the present prospective study on a large sample of patients on chronic treatment with warfarin was first to investigate whether there are indeed seasonal variations in the intensity of the effect of treatment and second whether seasonal variations differ between older and younger patients.
Patients and Methods
Eight hundred patients (353 (44%) females, 447 (56%) males) of mean age 64 (18-to 90) years on chronic stable treatment with warfarin (duration of treatment at the beginning of the study 1-313 months, mean 52 months) were followed prospectively at the outpatient anticoagulant clinic of our university hospital for 1 year. The cohort of patients was unchanged during the study period. Three skilled physicians who had worked in the outpatient anticoagulant clinic for many years routinely prescribed the dose of warfarin according to the INR value. PT was measured by the Thrombotest (Nycomed, Norway, ISI = 1.05). The target INR value was 2.5-3.5 for mechanical heart valves and 2-3 for all other indications. Patients were divided into two groups: older than 65 years and younger than 65 years.
The year was divided into four seasons: winter -December, January, February; spring -March, April, May; summer -June, July, August, and autumn -September, October, November. For every season, the number of PT measurements was counted. The mean values of INR, the percentages of INR below 2.0 and above 4.0 were calculated for every season firstly for the whole group and secondly separately for the older and younger groups of patients. The time in the therapeutic range (TTR) was determined as the proportion of INR measurements within the therapeutic range in the observed period of time; the number of INRs within the range was divided by the number of PT tests in the same period of time, a method previously described in many studies [3] . We compared the number of PT measurements across the four seasons using a non-parametric observed vs. expected frequency ¯2 test. The null hypothesis was that the means of INR were not different across the four seasons using a non-parametric one-way ANOVA test. The null hypothesis that the percentage of PT measurements with INR below 2.0 or over 4.0 was the same all over the four seasons was tested using the ¯2 test to compare the observed percentage with that expected on the basis of an even distribution. Differences in means of INR for every season between the older and younger groups were tested by the t test for independent samples and differences in the percentages of INR below 2.0 or over 4.0, by the ¯2 test. Values of p ! 0.05 were assumed to be statistically significant. Statistical analyses were performed by the Statistica for Windows computer program (Stat Soft, Inc., Tulsa, Okla., USA).
Results
Mean age, indications for warfarin treatment and mean daily dose of warfarin for both groups are shown in table 1. The percentage of females was significantly greater in the older group. Significantly more patients in the younger group had mechanical heart valves and the mean daily dose of warfarin was significantly greater in the younger than in the older patients.
The mean number of PT measurements per season was 927 (winter 712, spring 1,100, summer 1,006, autumn 890). The difference in the number of PT measurements between seasons was significant (¯2 = 90, p ! 0.000). The mean TTR was 67% and did not differ between age groups nor within seasons, although a trend toward higher TTRs in the younger group as compared to the older group was observed in winter ( fig. 1) .
We found statistically significant seasonal variations between mean INR measurements, with the lowest values in summer and the highest values in autumn in all patients (F = 14.2, p ! 0.0001), in the older group (F = 4.8, fig. 2a ). In addition, a trend toward the highest percentage of INRs below 2.0 in summer and above 4.0 in autumn was seen in all patients ( fig. 2b, c) . We did not find any statistically significant differences in the seasonal trends between the older and younger groups of patients; however, the trends were more pronounced in the younger group of patients in which the difference between summer and winter in the percentage of INR below 2.0 reached statistical significance (¯2 = 4.78, p ! 0.05). 
Discussion
The results of our prospective study, performed on a large cohort of patients treated with warfarin, showed seasonal variations in the intensity of the effect of treatment. The lowest mean INR values were found in summer and the highest mean INR values in autumn. Thus, autumn was the season with the highest rate of exceedingly intense effects of treatment. Seasonal variations in the intensity of the effect of warfarin treatment might be an important, as yet unknown risk factor for haemorrhagic and thrombotic complications in patients on long-term warfarin treatment.
The mechanisms of seasonal variations in the intensity of the effects of warfarin treatment are as yet unknown. Several plausible direct or indirect factors, such as individual seasonal changes in sensitivity to warfarin, seasonal changes in consumption of vitamin-K-rich vegetables during summer, a higher consumption of alcohol during autumn, a higher rate of febrile states due to infections during autumn, winter and spring compared to summer and a lower compliance with warfarin treatment during summer due to holidays might all be implicated in the mechanisms of seasonal variations in the intensity of the effects of long-term warfarin treatment [4] [5] [6] [7] . Our findings in a large cohort of patients, prospectively followed for 1 year, are in agreement with a previous, retrospective study on a smaller number of patients (382 patients who had been on long-term oral anticoagulant treatment for 5 years due to mechanical heart valves, cardiovascular disease or venous thromboembolism), in which Mannotti et al. [8] also found similar seasonal variations in means of INR with the lowest values in spring and summer and the highest in autumn and winter. In our study, we did not find any significant differences in seasonal variations in the intensity of the effect of warfarin treatment between older (165 years) and younger (!65 years) patients; however, trends toward the highest percentage of INR below 2.0 in summer and above 4.0 in autumn were more pronounced in younger than in older patients. It might be speculated that seasonal variations in the intensity of the effect of treatment might be a more important risk factor for complications of warfarin treatment in younger than in older patients; however, further studies are needed to test this hypothesis.
Clinical advice arising from our results would be to consider the role of seasonal variations in the intensity of the effect of warfarin treatment and to pay additional attention to the intensity of this effect in autumn, the season with the highest risk of excess of over-intensity. This could be approached by more frequent measurements of INR. The results of some clinical trials suggest that more frequent testing can improve TTR [9] .
In conclusion, our study showed significant seasonal variations in the intensity of the effect of warfarin treatment in patients on long-term warfarin treatment, with the lowest mean INR values in summer and highest mean INR values in autumn. We did not find any significant differences in seasonal variations between younger and older groups of patients, although there is a trend toward more pronounced variations in younger patients. Our findings seem to have clinical importance, since consideration of seasonal variations in the intensity of the effect of warfarin might result in more accurate and safe guidance of warfarin treatment.
